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DUCTOR6 IN !NTv'ZPLMt:ti, Y FLIGCiS
by

Luhor Vokrouhlicky

in the itroduction it is necessary to mention, that physiologists are

not, in comparison with technology, by any we- n the rear, as it wcal appear

to a surface observer. Technical research must otherwise have a definite

advantage; ans so for example, in the first period we had rockets without land-

ing, later rockets with experimental animals, problems concerning the proper-

ties of the medium, to this already man himself ha-l to penetrpote. A majority

of groud organi4= require oxygen, heat, water and nutriments to live; all

this occurs practically in the lowest atmospheric layer, which even offers pro-

tection a9/kitst radiation, Biology which becomes the main requirement, canot

itself assure convenient physiological conditions in an interplanetary rceket;

realization of these conditions depends upon the progress of technical sciences.

Wie will t.erefore discuss briefly the most importa-t physiological prob-

],eros of intarplanetary flights, some ^f then have already been solved when

modern aircraft began fl.ing at thigh altitudes.

Providing The Crew of Interplane. .vy Hocket, with Oxygen

Oxygen in the air is required by the human being b.cause, that the bl A

in his lungs should -oxdize and transfer same to the tissues which execate life.

so that the blood s'ald oxidize sufficiently, the oxygen in the air must be in

definite volwmetrioa ouwtity, oust also have a definite presov :rt (aborut 100 m

k Hg). All fliers,,wv vry well that at altit.des of about ,".0 m it is necess-

ary to use o.Vgen breathing, to increase the content (including also pressure)
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of oxygen in the inhaled air, otherwise they would be threatened by fainting

fits and later by death by nonoxidation of the brain. An oxygen breather helps

up to a certain alitude; at an altitude of about 15 km, the b, ometric pres-

sure is so low, that na could die then, if he would r.t have sufficient pure

oxygen (the oxygen could not penetrate into the lungs, filled with carbon di-

oxide and water vapor. For flights at higher altitudes there is already need-

ed a hermetically sealed superpressure chamber, into which the compressors

maintain a higher barometric pressure than the pressure existing in the vicL,-

ity. The crew of an interplanetary rocket would have to be absolutely isola-

ted in the cabin ith artifiAial air, the proper equipment in the cabin -ill

provide the proper amount of oxygen, warmth and air himidity, it eliminates

carbon oxide, water vapor and fluids originating at living Drocesses in the

organism. And so, artificial climatic cabins have for exmple, so-called com-

panion ships: the needed oxygen is obtained from bottles with ccmpressed oxy-

gen, carbon dioxide and water vapors are absorbed in sodium lye or by barnate

(?), special filters (similar to filters in protective masks remove the harm-

ful effects (harmful gases). Maintenance of wdrmth is technically easily sol-

uble. In interplanetary space solar rays can serve (furnish) part of the heat,

the solar rays will fall into the cabin. for long-lasting flights it is neces-

sary to look for a different solution, because the mentioned system is too vol-

umetric, heavy, and has an extremely limited r acity. Ttp oxygen level &n

the cabin can be for example maintained in a much easier way by evaporation of

liquid oxygen from special vessels. Carbon dioxide could be eliminated by

freezing out, or decomposed by solar light, at which the oxygen would be liber-

ated. (Cut this is only a theoretical solution, because as is km-, in labs

this process could not be realized vo this day; during a reaction the latter

threaten$ danger of formng dangerous formations of toxic-carbon oxide).
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L!ccntly intensive stui~es -fave 'ie os: i i.lity, which appear3. to bt iiio;t (;Of.-

veLient - use ol f ctati, :i, i. u., toricrLti dufined :iea weed, alga, whicl

ourin?- its 1ife jroceobeJ ,so i carboj, oioxide ard yieias oxide. The iffii-

cull v lies in this that the hitherto dev. Lopeu uquipment is spacious and the

wei.ht is inacceptable. Thc" uriount of co-,en needed by one perz-n will now

add smspensicn of alga in 23(0 liters of water, expos;ed to light over ahi area

2of 22 m2; otherwise it is not knowTi, how algae would react to ordinary c.cu,-

stances. To solve these prohlei.s, contributions were also made by our own

science; the biological law of TiiC Czech Acader. of 3cicnces is read.ing ex.-

perimenta with cerayin and other algaes.

Will the barometric pressure drop to perhaps 1/5 of the value, the gases

dissolved in the blood plasma will become liberated (mairly nitrogen) in the

form of bubbles, which fill up the brains and other cells thus making blood

circulation impossible. This danger, which threatens at high altitudes, is

almost totally eliminated by the cabin (isolation cabin).

Boilii of liquids at the warmth cf human body

In the mtountains, where a lower barometric pressure prevails, water was

cooked at no less than 1000%. Should the barometric pressure drop extremely

under 50 mm hg, the water cooks at 370C, i. e., at a warmth of the human body.

The interplanetary air empty sp".ce endang.-ra than the health also by the fact,

t1m*L in the unprotected organism body fluids will begin boiling; at a body heat

water vapor bubbles would begin forming, filling out the body cavities and

thus making the operation of the heart impossible. It is self-evident that an

artificially maintained pressure of the special cabin will furnish good protec-

tion.

Effect, of Solar Radiation

The wall of the cabin would protect the crew against the effects of ultra-

violet components of solar radiation, we here on the ground are protected
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against it by the terrestrial atmosphere. To increase "he safety, it was pro-

posed to fill up the space between the walls of the cabin covering with o)Wgen,

which would, like/ih atmosphere, form a protection against ultraviolet radia-

tion. The solar spectrum will also include x-rays, which would however (since

they are more penetrative than ultraviolet rays) sufficiently devour the struc-

tural material of the cabin.

We see then, that the defini+e problem of interplanetary Journey is

solved by a climatized cabin. Another complex of problems are formed by bio-

logical factors of interplanetary flight, which have not been sufficiently ii-

vestigated, because they do not occur at high altitude flights and it is very

difficult to form same experimentally. These are of course the next circum-

stances during long lasting interplanetary travels; and to meet human daily

requirements (food, water, oxygen) is therefore almost unsoluble. The tempo

of the technical progress is generally too rapid; many problems will enable

one to solve flights with man-made satellites with human crews on board or

more effective rocket driving matter, which would enable one to send out into

the universe rockets with greater load.

Protection against cosmic radiation

Cosmic radiation penetrates into our atmosphere from distant spaces of

the universe. These are actually atomic particles (protons and whole atomic

nuclei of various elements - carbon, o3ygen, nitrogen, mW -ium, iron - *lec-

trone and gSm rays), thy are provided with great energ, which will break

the air atom , will collide with them. The shattered air atoms are then the

soure of futher radiation (so-called secondary, consisting of protons, neu-

trons, of particlee, sleotrons and Sam radiation); normally this radiation

is "itered by the high layer of th atmosphere and it. intensity on the mar-

face of the Rarth is slight. At hih altitudes atnospheric protection is
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failing and intensity nf Cosric radiatiori is ri3ing, rnpidly. At altitudes

of more than 2U km appears thrn only sccondsy radiation and tht= rno dan:er-

our particles of primjar radiation (atomic nuclei of heavy elements).

Cosnic radiation causes ioiizatio,, in the organism, which then results

in disorders, material nmetabolism in che cells, disorder in ce [ membranes,

uepreciation of body albumina, crigination of destructivw tumors, etc. The

tissues as a result of these changes die away. Res ult of a highly i n nsive

investigctton (here rockets were nmainly applied with experimental animals)

are neverthelesb optimistic: secondary raciation wa_ quite well studied over,

and it was fcund, that it is not dangerous, even when its int*n,4-ty rises

rapidly at higher altitudes. It was ascertained about primary radiation, that

its effects are not the same as before, prior to launching the first rovckets,

a., it was udged; regeneration of tissues would therefoie sufficiently recom-

pense the dead ceUs. It is not always possible to cloak a series of nfavor-

able facts: some cel.L, I nervous. cornea cells, lenses in the eye retina or

cells in inner ear) are not regenerated; the time of exposure plays an import-

ant role. And so for exaple, in nice which were at ar altitude of over 30 L-

(in a stratospheric balloon) they were e o.wed for 30 hours to solar radiation,

their skins were sharply damaged, while at similar experiments sirns o radia-

tion were hardly found, only smaller illness signs. All this justifies a re-

served conclusion.

£ffecto of long-lasting rectilinear acceleration

4ftect of acceleration have been thorvughly investigated in aviation

ji practic% and on experimental installations, but its dangerous effect during

long-lasting action was not too clear. The concept of I" is very well known

to our pilots and it is not necessary to explain its content in greater detail:

unit 0 is acceleration imparted to the body by terrestrial gravitation (9.8 ple 2).

w..TT-65-u77/l+2+45



Fo- better coLpreheIsior, w can pre.ent the weight of a human hody a3 a

force, widch affects the hody and trie3 to oart to it an acceleration of one

G. Lar ig rocket stoartine (straigi , line acceleration) forces origirte much

greater, which affect the organs of the b . Great organs take up in change

of position certain conditions. But the blor-- concentrates in definite parts

of the body (for exarple in the foot, in the he!d - according to the gravita-

tion force) and can in this way affect important disorders. It depends here

very much upon the rate of acceleration and in what direction it affects the

body, and mainl, on the fact, how long the acceleration lasts. For a short

time the human organism All withbtand great acceleration - for example up to

47 G for 1/4 of a minute - acceleration especially affects in the direction

perpendicular to the longitudinal axis of the body (in the axis of chest and

back) where the blood moves in the least and the large organs have a good sup-

port in the body. if acceleration does affect - seconds or finally minutes -

the boundary endurance reduces rapidly, that is why the weight of the chest

increases, which also reduces the breathing ability.

The experience obtalred during the starting of rockets carrying satellite

units with human crews, verifies to the fact, that the effects of acceleration

will not be a hindrance to interplanetary flights (all cosmonauts endured an

acceleratio3 during t. starting of carrier rockets, very well).

Effects of decelerato,, (negative G)

The effect of deoelenton are similar, but the direction is reversed.

It depends mostly on tim and direction of affecting the body. The experiment-

ally found and in practice partiA.Uy checked values are fa'-rable: and so for

exam]e, a humn being can endure 20 G of negative acceleration ever a period

of 0.8 moonds (or 50 G in & diurt.Al period 0.4 ee).

H4Ih acceleration effects
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Mat pv ,1,c lood. curl cu -at.t. a. ' tiri , U -at v-oci r .

hazi ino 6ai:ajginCg efIfect. ori tlie hur-an 'r i ,: rv~ a ILt
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only the center r7.3istance nu,, harr., Cve rl eet. carli c'(uld prcDtect cA

it durinr the lanndinE of the interplanetar..: rcockelt. (in air er-pty 3roU-

resistance of the mediur. is practically, ze-,). Itoo, treat air r~zavt t

low'-r altitudeo - pe-h-ips 6 ton per ri at L 3rrali velacit., of I(Xi) Iz~/Lr

and great acceleration causes deadly wound~ ng wner leaving the cabin. This

fact is the core of thh Airther problem.

Zxperixont3 w.ith aimals, whicY enabled the first flight of a cc~rl
ship, with hiwn crew on borard, will be,,ale lc t -rT-
paration foir irtrTia.viert~ri 12 ig1tv.



Difficulty of protecting the crew

Various experiments, durinL experiments of Soviet bcientists with dogs,

successfully catapulted from a height of about 120 kn, ccnf'rrmed that the

speed of the free fall from an altitude of perhaps 100 km, approaches at an

altitude of 50 km 4 value of 1 ki/sec, later on the drop i. :ach slower. The

originating accelerations are smaller, of about 4 G. It is necessary to pro-

hibi* the rolling of the falling body (it may suffer harmful physiologizal ef-

fects) and provide it therefore with high and low heats. At such a rapid des-

cent the temperature also retains weak layers of thin a'r, around the falling

body, values of about 20000 (with respect to very t in air, the thin air con-

sisting of many parts will n,' traw -fer itself to the body); at an altitude of

perhaps 30 km, low temperatures of the surrounding medium are affected.

About the possibilities of recovering from an interplanetary rocket, ro-

day's knowledge has unclear concepts. Perhaps it would be realizable with

special equipnent, like a "rocket in a rocket", case of a small cosmic slide,

which would tend toward the Earth.

Effects of weightless state

arb not suffici.ently well investigated. The man is in a habit of being ordinar-

ily and constaittly informed about the position of his body with respect to

Earth by -he sensual nervous elements (mainly in. innc. e&r). In weightlessness

state these elements will lose their c-ise, which will be comparable to dis-

orientation, leadin- often to dizziness, discomfort and movements of nervo-ms-

cular equilibr .um (accuracy of the movement suffers).

The flast brief experiments in prope flight condit.,n in jet aircraft

(weightless state lasted up to 40 sec), exactly like the first several hour

QMght in cosmic ships, appeared optimistic; but the second Soviet cosonaut,

* G. S. Tltov, who was exposed to the effects of weightlessness for a longer
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Figur Page 408 (top left) In a Cabin of a Satellite Ship

Figure, pae 408 (bottom).. .asic Training of Crews for Interplanetary
Flights wM net Differ too much from cowonaut Training

period of time - almost 25 hours - suffered definite difficulties, It is

therefore impossible to speak with certainty, whether a long-lasting weight-

less state caused similar disturbances in all the 1rsons or Just in one in
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Figure, page 409 (top left)... In Special Vacuum Chambers, it is Easy to Cre-
ate and is Approximately the same as Altitude of 200-399 km.
(top right) ... Reliability Lmination Functions of a Special Cosmic Pressuri-
zation suit.

some persons there were observed highly sensual actions reacting in the static

part of the organism. If it would be shown synonymously, that the duration of

the weightlessness state Aa a diafavorable eftect, it would be necessary to

create in the cosmic chip cabins permanent artificial accelerations, which

would compensate for the terrestrial gravitation. From the present status of

technology this is very complex, but not an unsolvable problem.

The problem of reservation is a greiter stone of injury. Tterplanetary

flights would last for mon+hs and years. The inevitable reserves, mainly water

and food, would require such a large space and would weigh so mh, that rock-

eta of present day construction (driving engines on currently used propulsion

media) could not lift it at all. And so it appears that the minimm need of

1.5 oq s 0.85 kg food and 2.6 kg of water per person per day, accidently

still a lower number - a total of 4 kg of all reserves, as sufficient. And so,

FD-TT-65-.177/l+2+4 10



we will not consider the £reat weight of the chemicals necessary for the ab-

sorption of carbon dioxide, with the welrht of later needs, devices, etc - we

will arrive at a number of 1.!+6 tons of supplies for one crew mem,.r a year.

Intensive inve. irations will nevertholss bring good fruit, a7 designated

by studied possibilitie: of effectvie methods of providint crews with orjgen

and water; we have already mentioned about this once. The selection of eff'.-

tive focds will be difficult, that is why it is debatable hcw the cosmonauts

wuld endure long-lastine use of various extracts, for exawple foods extracted

and prepared from algae

Psychic effects of interplanetary flights

In various considerations, published in popular press, these effects are

genera2y totally disregarded, because they will play an imprtant role. I.

is known that many pilots consider at altitudes of (about 20 kn) a ferling of

being "separated from the Earth". a feeling which is quite unpleasant. In an

interplanetary rocket this condition ac*-=1ly appeared and could lead to a

disturbance in spiritual activity. This is confirmed by the tests with persons

well isolated from the surroundings. After a definite time they suffered dis-

turbances in sensual and reasonable spiritual (irritability, madness, melan-

choly) which lasted for several weeks. Unfavorable would here be the cnange

of the suffered rhythm of rotation of day and night, the main orientation sonse

of the human being in space - vision - would be remTed to the rear and so on.

Crews of future interplanetary rockets (provided with all the devices, which

would enable constant contact with the Earth) will have to be even more care-

fully selected than the present day cosmonauts.

Protection against meteorites

is an wxlusive technical Problem. The striking of the cabin would diirectly

or indirectly (loss of artificial medium) threaten the crew, On the basis of

FTD-T-65-1177/l+2+4 11
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information obtained from skillful satellites, -insiders therefvre the encounter

with meteorites of various sizes. Conclusions are favorable: the probability

of colliding with more meteorites is slight at higher altitudes. And so for

example, to express the probability of collision with meteorites weighing 0.5 g

(which would destroy even an 8 cm layer of aluminum) at an altitude of over

100 km within 2.'. hours in propotion to 1:32 m.llions. But it is necessarj to

take into consideration that skillful satellites will gain partial protection

from the atmosphere (it can be even very thin, sice it moves in it). And when

the density of air at high altitudes, for example at an altitude of 200 kin, of

the order of 10 million series lower than at the surf!Ace of the Earth, a greater

part of the meteorites does no longer penetrate there. In the solar area are

nevertheless definite place, in them occur regularly meteorite currents; pro-

tection against them will oe first of all careful navigation in flight prepara-

tion, assuring that the rocket will avoid these areas. When flying beyond the

boundaries circular to the path of Mars road, the cosmonauts would be endangered

by a more important danger- possibility of coming in contact with small planets

(these planets are a combination of perlaps 1600 small celestial bodies; the

smallest of a dimension of almost 1 ki); collision with any one of the small

planets would be a catastrophy.

As protection again.-t large meteorites and small planets, suggests to

technicians various protections (s. g., automatic radio location "deviator"

of rocket, antomatic destruction of meteorite with variou.. rocket shots, etc.),

their effectiveness is quite problematic.

And a conclusion? Up until recently the/fr oif people, to visit thv

neighboring celestial bodies, can be soon be realized. Technical and biolog-

ical research will broaden t, vays and will make clear the hitherto unclear

problem. Some Soviet researchers think, that to the end of this centu 7 men

will visit all the nearest planets.
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Figure, page 409 (bottom)... The Cabin of the Cosmic Shi±p will Fall out, and
from it will Land the First People on the Moon or on the Mars? A Problem to
which there is no Ansawer so far.
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